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EXPOSURE PATTERN OR MASK AND INSPECTION METHOD AND 
MANUFACTURE METHOD FOR THE SAME 

Cross Reference To Related Applications 

[0001] 

The present document is based on Japanese Priority 
Document JP2003-043449, filed in the Japanese Patent Office 
on February 21, 2003, the entire contents of which are_tee-i«€f 
incorporated herein by reference. 

Background of the Invention 
[0002] 

1. Field of the Invention 

The present invention relates to an exposure pattern 
or mask suitable for use in an electron beam exposure processT- 
and to an inspection method and amanuf acturinge method for 
an exposure pattern or mask. 
[0003] 

2. Description of Related Art 

Miniaturization of recent semiconductor devices 
advances further and exceeds the limit of a resolution of an 
optical lithography system. In order to overcome this, fine 
patterning techniques have been developed which use a charged 
particle beanw such as an electron beam,, and an ion beam to 
expose and draw a micro circuit pattern. 
[0004] 

A conventional, direct drawing method utilizing 
electron beam exposure^, however, requires a large amount 
of data when micro patterns are used for an LSI (large scale 
integrated) circuit having a high integration density. This 
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results in a long drawing time and a low productivity 

(throughput) . 

[0005] 

In order to address this drawback, an electron beam 
5 aligner or an ion beam aligner has been proposed which aligner 
irradiates an electron beam or an ion beam to a transfer mask 
to form a circuit pattern on a wafer with the beam passed through 
through holes (pattern openings) of the transfer mask. 
[0006] 

10 Exposure techniques of this type include^ for 

example, an electron beam projection lithography using a high 
energy electron beam (refer to EPL : Electron-beam Proximity 
Lithography, H. C. Pfeiffer, Jpn. J. Appl . Phys . 34, 6658 
(1995))^ a low energy electron beam proximity projection 

15 lithography using a low energy electron beam (refer to LEEPL : 
Low Energy Electron-beam Proximity Projection Lithography, 
T. Utsumi, U. S. Patent No. 5,831,272 (3, November 1998))^ 
an ion beam projection lithography using an ion beam (refer 
to IPL: Ion-beam Lithography, H. Loeschner et al . , J. Vac. 

20 Sci. Technol . B19, 2520 (2001))^ and other techniques. 
[0007] 

An electron beam transmission mask (projection 
mask) used with these aligners, e.g. , an LEEPL stencil mask, 
has afcke structure such as that shown in a^ the plan view of 

25 Fig. 10A and thea cross sectional view of Fig. 10B taken along 
lineX-X' shown inFig. 10A. This stencil mask 67 has a membrane 
(thin film) having a thickness of 100 nm to 10 |im and formed 
with pattern openings 59. For example, the membrane (thin 
film) 51 of the stencil mask 67 having a thickness of 100 nm 

30 to 10 |im in thickness has a plurality of through holes (pattern 
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openings) 59 having a width of 0 . 03 |im to 0 . 04 jam through which 
an electron beam is transmitted. In Figs. 10A and 10B, only 
several pattern openings 59 are drawn for the purposes of 
drawing simplicity . The membrane 51 is supported by a silicon 
5 (Si) wafer (support substrate) 56. The Si wafer 56 is formed 
on an Si0 2 film 55 formed around and outside the pattern openings 
5 9 and having an opening 61 of 2 0 to 4 0 mm in diameter and 
has an opening 60 larger in size than the opening 61 of the 
Si0 2 film 55 . 
10 [0008] 

As shown in Fig. 11, in an exposure process using 
the stencil mask 67, for example, the stencil mask 67 is disposed 
on a photoresist layer 57 formed on a wiring material layer 
54 to be patterned, the wiring material layer being formed 

15 on an Si0 2 film 55 on a semiconductor substrate 58. In this 
state, an electron beam 71 is emitted and passed through the 
pattern openings 59 of the membrane 51 of the stencil mask 
67 to expose the photoresist layer 57 in a predetermined 
pattern. A photoresist pattern 57 left through development 

20 is used as a mask to dry etch the wiring material layer 54 
and form a wiring pattern. 
[0009] 

If the stencil mask 67 has, for example, a 
rectangular ring pattern opening 59 such as shown in Fig. 12A, 

25 a central area 51a serving as an electron beam absorber area 
falls out and cannot maintain the pattern opening. If the 
stencil mask has a leaf-shaped opening pattern (not shown) , 
the shape of the opening pattern cannot be maintained stably^ 
because this opening pattern is of a cantilever structure. 

30 These pattern openings are unable to be formed or difficult 
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to be formed. 
[0010] 

In order to form an object pattern opening 5 9 on 
a wafer, a so-called complementary division method has been 
5 introduced. Namely, the pattern opening 5 9 is geometrically 
divided into two masks 67A and 67B having divided opening 
patterns 59A and 59B, respectively, as shown in Fig. 123^ and 
are complementarily overlaid on the wafer x as shown in Fig. 
12C. 
10 [0011] 

Figs . 13A to 14C illustrate a process of fabricating 
the stencil mask 67. As shown in Fig. 13A, on an Si wafer 
(support substrate) 56, an Si0 2 film 55 and a membrane 51 made 
of Si or SiC are sequentially deposited to predetermined 
15 thicknesses. 
[0012] 

As shown in Fig. 13B, a resist layer 63 having a 
predetermined pattern is formed on the Si wafer 56 . A partial 
region of the Si wafer 56 is removed down to the surface of 
20 the Si0 2 film 55 by dry etching to form an opening 60 and a 
support column 70 which partitions each mask quadrant. 
[0013] 

As shown in Fig. 13C, after the resist pattern 63 
is removed, by using the Si wafer 56 and support column 7 0 
25 as a mask, a partial region of the Si0 2 film 55 is removed 
down to the surface of the membrane 51 by dry etching to form 
an opening 61. 
[0014] 

As shown in Fig. 14A in the up-side-down state of 
30 Fig. 13C, a resist layer 63 is formed on the membrane 51 and 
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processed to have a predetermined pattern. 
[0015] 

More specifically, openings 64 are formed through 
the membrane 51 to form a mask pattern portion 62 above the 
5 openings 60 and 61. 
[0016] 

Next, as shown in Fig. 14B, by using the resist 
pattern 63 as a mask, the membrane 51 is dry etched to form 
through holes in the area corresponding to the mask pattern 
10 portion 62 to thereby form mask pattern openings 66. 
[0017] 

Thereafter, as shown in Fig. 14C, the resist pattern 
63 on the membrane 51 is removed so that a stencil mask 67 
can be formed. 
15 [0018] 

It is important to inspect whether the stencil mask 
has the pattern openings 66 just as designed. 
[0019] 

In one example of a mask inspection apparatus and 
20 method, by utilizing an electron beam aligner without 

utilizing an additional inspection apparatus, it is possible 
to inspect whether there is any defect of a mask , by utilizing 
an electron beam aligner without utilizing an additional 
inopection apparatus . {Refer to Patent Document 1: Japanese 
25 Unexamined Patent Publication No. 2001-153637 (p. 3, 2 8 th 28th 
line in right column to p. 5, 2 nd 2nd line in right column, 
Fig. 2) } 
[0020] 

In another example of a mask inspection apparatus 

30 and method, a mask pattern defect is inspected in the following 

5 
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manner. TheA mask pattern that is to be inspected is 
two-dimensionally scanned with an electron beam to obtain mask 
pattern transmission electric signals. From these electric 
signals, a mask pattern signal corresponding to the shape of 
5 the mask pattern is obtained. This mask pattern signal is 
compared with the a CAD (Computer Aided Design) signal 
corresponding to a CAD figure to be used for mask pattern 
fabrication, and basediag upon this comparison result, the a 
mask pattern defect is inspected. {Refer to Patent Document 
10 2: Japanese Unexamined Patent Publication No. 2002-71331 (p. 
3, 40 th 49th line in left column to p. 4, 21 st 21st line in 
right column, Fig. l)j_-f 
[0021] 

Another inspection uses a reticle (optical mask or 
15 photomask) and its layout method of the following type. For 
example, each of a plurality of shots constituted of a plurality 
of different chips is disposed on a reticle in such a manner 
that all or some of chips having the same pattern are aligned 
along a row or column direction or directions to inspect the 
20 mask. J^-Refer to Patent Document 3: Japanese Unexamined 
Patent Publication No . HEI-10-73916 (p. 3, 4 1 3 t 41st line in 
left column to p. 4, 3 rd 3rd line, Fig. l)]_i 

Summary of the Invention 
25 [0022] 

In both the inspection methods described in Patent 
Document 1 (Japanese Unexamined Patent Publication No. 
2001-153637) and Patent Document 2 (Japanese Unexamined Patent 
Publication No. 2002-71331) , a stencil mask is inspected by 
30 a "Die to Data" method by which a pattern image of pattern 
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openings is detected by irradiating an electron beam to the 
stencil mask and thereafter the pattern image is compared with 
design CAD data or the like. With these methods, however, 
since the amount of data amount is large, the inspection takes 
5 a long time. In addition, since comparison evaluation of the 
real pattern is performed by using the data in a database, 
this approach is indirect and not accurate. 
[0023] 

Detailed and particular LEEPL stencil mask 
10 inspection methods and apparatuses are still not established 
yet . 
[0024] 

In the meantime, it is necessary to prepare a 
dedicated reticle inspection apparatus for a reticle 

15 inspection. The ^reticle inspection methods include a chip 
comparison inspection method by a "Die to Die" method and a 

chip data comparison inspection method by a "Die to Data" 

method which inspects a reticle through ^comparison between 
a real mask pattern and design CAD data or the like. 

20 [0025] 

The chip comparison inspection method disclosed in 
Patent Document 3 (Japanese Unexamined Patent Publication No .' 
HEI-10-73916) inspects a reticle (optical mask) by the Die 
to Die method. This method can inspect a reticle only if shots 
25 contain the chips having the same pattern. 
[0026] 

Since this comparison inspection method requires 
•Malalign ment of the chips having the same pattern along the 
row or column direction, the degree of freedom of the chip 
30 layout on a mask is lowered. 
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[0027] 

Ao d Different from a reticle, a stencil mask for 
LEEPL or the like uses a silicon wafer that is the same as 
that used for manufacturing semiconductor devices. There is 
5 therefore a high possibility that inspection can be performed 
by using a general silicon wafer inspection apparatus. If 
a wafer defect inspection apparatus widely used in inspecting 
a semiconductor device can be used for the inspection of 
stencil masks for LEEPL or the like, it presents large merits 
10 in terms of data reliability and availability to both the wafer 
and mask inspection apparatuses. 
[0028] 

Exposure using a stencil mask is of an equal 
magnification projection type. Because of the restrictions 
15 such as thea mask pattern size, it is difficult to perform 
a comparison inspection by the Die to Die method. 
[0029] 

This difficulty will be detailed. As shown in Fig. 
15, a stencil mask 67, for example, for LEEPL, has a mask pattern 
20 portion 62 made of a membrane (thin film) 51 formed in a central 
area of an Si wafer (support substrate) 56 having a size of, 
for example, 4 to 8 inches. 
[0030] 

The mask pattern portion 62 (membrane 51) is the 
25 area in and toward which an electron beam can be irradiated 
reliably. This area is defined in a range of, for example, 
about 4— em square cms and partitioned into four sections: a 
first quadrant 52A, a second quadrant 52B, a third quadrant 
52C and a fourth quadrant 52D . One sectional area corresponds 
30 to the area of one chip. Stepper exposure of an electron beam 
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is executed by moving the stencil mask 67 relative to an exposure 
object (semiconductor substrate) sequent ially from the first 
quadrant 52A to fourth quadrant 52D. 
[0031] 

5 Exposure by an electron beam is therefore four 

cumulative shots exposure in total . The size of one shot (one 
chip) corresponds, therefore, to each area of the first 
quadrant 52A, the second quadrant 52B, the third quadrant 52C 
and the fourth quadrant 52D, i.e. , a one—fourth area (about 
10 2-em square cms ) of the membrane 51 (mask pattern portion 62) . 
[0032] 

Under this circumstance, it is probably difficult 
in terms of size to dispose a plurality of dies (semiconductor 
chips) having the same pattern in the one shot small area 
15 (quadrant) of about 2-em square cms and to perform inspection 
by the Die to Die method. Namely, the comparison inspection 
by the Die to Die method is difficulty unless three or more 
dies are formed in one shot . 
[0033] 

20 If the die has a size of, for example, about 7 -mm 

square mms or smaller whose side length is one third of that 
of about 2-em square cms , it is possible to dispose three or 
more dies having the same pattern in one quadrant. Demands 
for chips having such a small size are, however, reducing in 

25 practical use. 
[0034] 

If a plurality of dies cannot be disposed in one 
shot of the mask pattern portion 62 (i.e. , if the comparison 
inspection by the Die to Die method is impossible) , inspection 
30 of an LEEPL stencil mask utilizing a wafer defect inspection 
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apparatus is not easy. Although this problem is irrelevant 
to the Die to Data method, comparison inspection by this 
method is more indirect than the Die to Die method^ and a direct 
and accurate inspection of a real pattern is not possible. 
5 [0035] 

The present invention has been made under the 
above -described circumstances. According to an embodiment 
of the present invention, there is provided an exposure pattern 
or mask inspection method capable of performing an exposure 
10 pattern or mask comparison inspection with ease and at a high 
precision, aita_ manuf actur ing e method, for an exposure 
pattern or a mask and an exposure pattern or a mask. 
[0036] 

The present invention relates to an inspection 

15 method for an exposure pattern or mask, to an exposure pattern 
or mask manuf actur ing e method adopting the inspection method 
of this kind, and to an exposure pattern or mask having 
inspection pattern portions. The manuf actur inge and 
inspection method of manufacturing and inspecting an exposure 

20 pattern or mask for exposing a predetermined pattern by an 
exposure beam— includesi^g the steps of : disposing a plurality 
of inspection pattern portions (particularly dummy inspection 
pattern portions to be described later: the same reference 
is applied hereinafter) having the same pattern as at least 

25 a part of a mask pattern portion, inside and/or outside an 
area of the mask pattern portion of the exposure pattern or 
mask (e.g., LEEPL stencil mask pattern or mask: the same 
reference is applied thereinafter) ; and comparing one or more 
of the inspection patterns with at least the portion of the 

30 mask pattern portion. 

10 
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[0037] 

According to the invention, a plurality of 
inspection pattern portions having the same pattern as at 
least a part of a mask pattern portion- are disposed inside 
5 and/or outside an area of the mask pattern portion of the 
exposure pattern or mask, and one or more of the inspection 
patterns are compared with at least the portion of the mask 
pattern portion. Accordingly, the mask pattern portion can 
be compared directly with the inspection pattern or patterns 

10 so that the pattern inspection precision can be improved, 
comparison inspection by the Die to Die method among others 
becomes possible, and comparison inspection can be performed 
with ease and at a high reliability by using a general^ wafer 
defect inspection apparatus. 

15 [0038] 

Furthermore, since a plurality of inspection 
pattern portions having patterns suitable for comparison 
inspection can be disposed inside and/or outside an area of 
the mask pattern portion of the exposure pattern or mask, the 

20 degree of freedom of the layout of inspection patterns can 
be improved more than the layout of dies having the same pattern 
in the mask pattern portion. Still further, the comparison 
inspection precision can be improved by increasing the number 
of inspection 

25 patterns. 



Brief Description of the Drawings 
[0039] 

The above and other objects, features and advantages 

30 of the present invention will become more apparent from the 

11 
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following description of the presently preferred exemplary 
embodiments of the present invention taken in conjunction with 
the accompanying drawings, in which: 
[0040] 

5 Figs. 1A, IB and 1C are schematic plan views of 

stencil masks having dummy inspection pattern portion or 
portions according to a first embodiment of the present 
invention; 
[0041] 

10 Figs . 2A, 2B and 2C are schematic plan views of other 

stencil masks according to the first embodiment; 
[0042] 

Figs. 3A, 3Band3Care schematic plan views of other 
stencil masks according to the first embodiment; 
15 [0043] 

Fig. 4A is a partially enlarged plan view of a 
stencil mask according to the first embodiment, and Fig. 4B 
is a cross sectional view taken along line X-X' shown in Fig. 
4A; 
20 [0044] 

Figs. 5A to 5C are cross sectional views 
illustrating stencil mask fabrication processes in sequence 
according to the first embodiment; 
[0045] 

25 Figs . 6A to 6C are cross sectional views illustrating 

stencil mask fabrication processes in sequence according to 
the first embodiment; 
[0046] 

Fig. 7 is a flow chart illustrating an exposure 
30 process using a stencil mask according to the first embodiment . 
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[0047] 

Fig. 8 is a schematic plan view of a stencil mask 
having dummy .inspect ion areas according to a second embodiment 
of the invention; 
5 [0048] 

Fig. 9 is a schematic plan view and its partially 
enlarged view of a DRAM memory area in a mask pattern portion 
according to the second embodiment; 
[0049] 

10 Fig. 10A is a schematic plan view of a conventional 

stencil mask, and Fig. 10B is a cross sectional view taken 
along line X-X' shown in Fig. 10A; 
[0050] 

Fig. 11 is a cross sectional view illustrating an 
15 exposure process using a conventional stencil mask; 
[0051] 

Fig. 12A is a plan view showing an example of an 
exposure pattern, Fig. 12B is a plan view of complementary 
mask patterns, and Fig. 12C is a plan view of overlaid 
20 complementary masks, according to conventional techniques; 
[0052] 

Figs. 13A to 13C are cross sectional views 
sequentially illustrating conventional stencil mask 
fabrication processes; 
25 [0053] 

Figs. 14A to 14C are cross sectional views 
sequentially illustrating conventional stencil mask 
fabrication processes; and 
[0054] 

30 Fig. 15 is apian view showing a conventional stencil 
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mask. 

Description of the Preferred Embodiments 
[0055] 

5 According to the invention, in order to improve the 

reliability of comparison inspection, it is preferable to set 
the number of inspection pattern portions to-a twofold or more 
of the number of areas of at least the portion of the mask 
pattern. 
10 [0056] 

In order to facilitate the comparison inspection, 
it is preferable to dispose the inspection pattern portions 
near the mask pattern portion. 
[0057] 

15 The mask pattern portion is formed by forming 

through holes having a predetermined pattern through a thin 
film through which the exposure beampasses , and the inspection 
patterns are preferably formed in the form of recesses in order 
to prevent the exposure beam from transmitting through the 

20 exposure pattern or mask. 
[0058] 

To this end, it is preferable that the mask pattern 
portion is formed by using the thin film and the inspection 
pattern portions are formed by using the thin film on a support 
25 substrate. 
[0059] 

At least the portion of the mask pattern portion 
and the inspection pattern portion or portions are optically 
detected and detected information is compared. 
30 [0060] 

14 



80001-2920 
REDLINE VERSION 



Attorney Docket No.: SON-2920 
Application No.: 10/780,667 



Inspection of the mask pattern portion can be 
performed by a chip comparison inspection (inspection by the 
Die to Die method) or a cell comparison inspect ion (inspection 
by the Cell to Cell method) . 
5 [0061] 

The manufacture conditions are preferably 
controlled by the result of the comparison inspection, in order 
to manufacture the exposure pattern or mask at a high 
precision. 
10 [0062] 

Preferred embodiments of the invention will be 
described specifically with reference to the accompanying 
drawings . 
[0063] 

15 First Embodiment 

In this embodiment, as shown in Figs. 1A to 3C, a 
plurality of dummy inspection pattern portions 3 are disposed 
near to, or next to, a mask pattern portion 16 (membrane) . 
The dummy inspection pattern portion 3 has the same pattern 

20 as that of the mask pattern portion 16, and the mask pattern 
portion 16 is defined in the central area of an Si wafer (support 
substrate) 6 constituting a stencil mask 7, for example, for 
LEEPL (Low Energy E-beam Proximity Projection Lithography) . 
[0064] 

25 As shown in Figs. 4A and 4B, since each dummy 

inspection pattern portion 3 is used as a dummy for inspection 
of the mask pattern portion 16, as will be later described, 
the dummy inspection pattern portion 3 is not necessary to 
have through holes formed through a thin f ilm^ as in the case 

30 of the mask pattern portion .16 . Instead, the dummy inspect ion 
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pattern portion 3 may have recesses (excavated structures 
through etching) having the same pattern as that of the mask 
pattern portion 16 and formed in partial regions on the Si 
wafer 6. 
5 [0065] 

The stencil mask 7 shown in Fig. 1A has two dummy 
inspection pattern portions 3 formed on the Si wafer 6 next 
to— and to the right and left of, as viewed from an orientation 
mark 4, the mask pattern portion 16 in the central area of 
10 the Si wafer 6. 
[0066] 

With this layout, inspection by the Die to Die 
method can be performed on the Si wafer 6 through comparison 
of one mask pattern portion 16 with two dummy inspection 
15 pattern portions 3 . 
[0067] 

Although the dummy inspection pattern portions 3 
are drawn next to the mask pattern portion 16, as shown in 
Figs. 4A and 4B^_ they are actually disposed spaced apart by 

20 a predetermined distance from the mask pattern portion 16 x 
and a support column 10 is formed on the back side of the mask 
pattern portion 16 , in order to retain the mechanical strength 
of the stencil mask 7. Each quadrant of the mask pattern 
portion 16 and dummy inspection pattern portions 3 is 

25 distinguishably indicated by narrow lines. 
[0068] 

The stencil mask 7 shown in Fig. IB has two dummy 
inspection pattern portions 3 formed next to— and on the upper 
and lower sides of, as viewed from the orientation mark 4, 
30 the mask pattern portion 16 in the central area of the Si wafer 
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6. 

[0069] 

The stencil mask 7 shown in Fig. 1C has four dummy 
inspection pattern portions 3 next to, to the right and left 
5 of, and on the upper and lower sides of, as viewed from the 
orientation mark 4 , the mask pattern portion 16 in the central 
area of the Si wafer 6. 
[0070] 

With this layout, a defect can be more reliably 
10 inspected more reliably because one mask pattern portion 16 
can be compared with four dummy inspection pattern portions 
3. 

[0071] 

The stencil mask 7 shown in Fig. 2A has two mask 
15 pattern portions 16 next to, and to the right and left of, 
as viewed from the orientation mark 4, the mask pattern portion 
16 in the central area of the Si wafer 6, and has two sets 
of three dummy inspection pattern portions next to, and on 
the upper and lower sides of, the three mask pattern portions 
20 16. 

[0072] 

With this layout, even if the mask pattern of each 
mask pattern portion 16 is the same or different, the defect 
inspection can be performed effectively relative to the upper 
25 and lower inspection pattern portions 3 at the number ratio 
of 1 : 2. 
[0073] 

The stencil mask 7 shown in Fig. 2B has two mask 
pattern portions 16 next to, and on the upper and lower sides 
30 of, as viewed from the orientation mark 4, the mask pattern 
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portion 16 in the central area of the Si wafer 6, and has two 
sets of three dummy inspection pattern portions 3 next to, 
and to the right and left of , the three mask pattern portions 
16. 
5 [0074] 

With this layout, similar to the stencil mask 7 
shown in Fig. 2A, even if the mask pattern of each mask pattern 
portion 16 is the same or different, the defect inspection 
can be performed effectively. 
10 [0075] 

The stencil mask 7 shown in Fig. 2C has four dummy 
inspection pattern portions 3 next to, on the upper and lower 
sides of, and to the right and left of, as viewed from the 
orientation mark 4 , the mask pattern portion 16 in the central 
15 area of the Si wafer 6, and has four mask pattern portions 
16 next to, on the diagonally upper right and left of, and 
on the diagonally lower right and left of, the central mask 
pattern portion 16. 
[0076] 

20 TheA ratio of the number of mask pattern portions 

16 to the number of dummy inspection pattern portions 3 is 
5-:-4 . When the mask pattern portions 16 are to be sequentially 
inspected, the dummy inspection pattern portions 3 can be 
selected at the ratio of 1— :-2 or higher (e.g., 1— : — 4) . 

25 [0077] 

Furthermore, for example, only the central mask 
pattern portion 16 may be used as an inspection object^ and 
the other mask pattern portions 16 are used as reserved mask 
pattern portions. In this case, even if the central mask 
30 pattern portion 16 has a low pattern precision and cannot be 
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used practically, another reserved mask pattern portion 14 
can be used in place of the defective mask pattern portion 
16. It is therefore unnecessary to manufacture again a new 
stencil mask 7. 
5 [0078] 

The stencil mask 7 shown in Fig. 3A has two dummy 
inspection pattern portions 3 next to, on the diagonally upper 
right of, and on the diagonally lower left of, as viewed from 
the orientation mark 4, the mask pattern portion 16 in the 
10 central area of the Si wafer 6. 
[0079] 

With this layout , similar to the stencil masks shown 
in Figs. 1A and IB, the defect inspection of the mask pattern 
of one mask pattern portion 16 can be performed by using two 
15 inspection dummy patterns 3. 
[0080] 

The stencil mask 7 shown in Fig. 3B has two dummy 
inspection pattern portions 3 next to, on the diagonally upper 
left of, and on the diagonally lower right of, as viewed from 
20 the orientation mark 4, the mask pattern portion 16 in the 
central area of the Si wafer 6. 
[0081] 

The stencil mask 7 shown in Fig. 3C has four dummy 
inspection pattern portions 3 next to, on the diagonally upper 
25 right and left of, and on the diagonally lower right and left 
of, as viewed from the orientation mark 4, the mask pattern 
portion 16 in the central area of the Si wafer 6. 
[0082] 

With this layout, similar to the stencil mask shown 
30 in Fig. 1C, the defect inspection of the mask pattern of one 
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mask pattern portion 16 can be performed by using four 
inspection dummy patterns 3, resulting in a more accurate 
defect inspection. 
[0083] 

5 As - shown in the plan view of Fig. 4A and the cross 

sectional view of Fig. 4B taken along line X-X' shown in the 
plan view, each of the stencil masks 7 described above, e.g. , 
the stencil mask 7 shown in Fig. 1A, has the mask pattern portion 
16 having first to fourth quadrants 2A, 2B, 2C and 2D and made 
10 of a membrane or thin film 1 (corresponding to the previously 
describedmembrane 51) . In order to make it easy to understand, 
only several pattern openings 15 are drawn in a simplified 
shape . 
[0084] 

15 The dummy inspection pattern portions 3 are 

disposed next to- and to the right and left of 7- the mask pattern 
portion 16 and formed in the membrane 1 on the Si substrate 
6. The dummy inspection pattern portion 3 has inspection 
pattern openings 17 in the form of recesses having the same 

20 pattern as that of the mask pattern portion 16. 
[0085] 

The membrane 1 having the mask pattern portion 16 
is supported by the Si wafer (support substrate) 6 via an Si0 2 
film 5 having an opening 8 formed around the pattern openings 

25 15, the Si wafer 6 has an opening 9 larger than that of the 
opening 8 of the Si0 2 film. Since the membrane 1 is a thin 
film and is liable to breakage, the membrane 1 is reinforced 
by disposing a support column 10 on the membrane 1 on the side 
of the opening 8 . 

30 [0086] 
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The dummy inspection pattern portions 3 disposed 
next to the mask pattern portion 16 do not don 1 1 have a thin 
f ilmmembrane structure, but they have the excavated structures 
formed by etching the membrane 1 on the support substrate Si 
5 wafer 6 down to the surface of the Si0 2 film 5 to form the 
inspection pattern openings 17 having the same pattern as that 
of the mask pattern portion 16. 
[0087] 

If the thickness of the membrane 1 is, for example, 
10 0.5 |im, it is preferable to set the depth of the openings 17 
in the dummy inspection pattern portion 3 to 0.5 Jim , the same 
as the thickness of the membrane 1^_ in order to use the same 
etching conditions (i.e., the same patterning precision) as 
those for the comparison inspection openings 15. 
15 [0088] 

The structure made of only the thin film membrane 
1 is only in the mask pattern portion 16, and the dummy 
inspection pattern portions 3 are supported by the Si wafer 
6. When an electron beam is emitted, the incident beam to 

20 the inspection pattern openings 17 of the dummy inspection 
pattern portions 3 is intercepted by the Si wafer 6 and the 
like, and thus the beam does not transmit through the Si wafer 
6. Accordingly, the stencil mask 7 has a strong mechanical 
strength and can prevent unnecessary transmission of an 

25 electron beam. 
[0089] 

Next, the manuf actur ing e processes for the stencil 
mask 7 will be described by way of an example with reference 
to Figs. 5A to 6C. First, as shown in Fig. 5A, on an Si wafer 
30 (support substrate) 6, an Si0 2 film 5 and a membrane 1 made 
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of Si or SiC are sequentially deposited to predetermined 

thicknesses . 

[0090] 

As shown in Fig. 5B, a resist layer 27 having a 
5 predetermined pattern is formed on the Si wafer 6. A partial 
region of the Si wafer 6 is removed down to the surface of 
the Si0 2 film 5 by dry etching to form an opening 9 and a support 
column 10. 
[0091] 

10 As shown in Fig. 5C, after the resist pattern 27 

is removed, by using the Si wafer 6 and support column 10 as 
a mask, a partial region of the Si0 2 film 5 is removed down 
to the surface of the membrane 1 by dry etching to form an 
opening 8 . 

15 [0092] 

As shown in Fig. 6A in the up-side-down state of 
Fig. 5C, a resist layer 2 7 is formed on the membrane 1 and 
processed to have a predetermined pattern. 
[0093] 

20 More specifically, openings 18 are formed through 

the resist pattern 27 in such a manner that a mask pattern 
portion 16 is formed in a partial area of the membrane 1 above 
the openings 8 and 9 and that two dummy inspection pattern 
portions 3 are formed on the Si wafer 6 almost next to the 

25 mask pattern portion 16. 
[0094] 

Next, as shown in Fig. 6B, by using the resist 

pattern 27 as a mask, the membrane 1 is dry etched to form 

through holes in the area corresponding to the mask pattern 

30 portion 16 to form thereby form mask pattern openings 15 and_j_ 

22 
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at the same time^ to form inspection pattern openings or 
recesses 17 in the dummy inspection pattern portions 3, the 
recesses 17 reaching the surface of the Si0 2 film 5 and having 
the same pattern as that of the mask pattern portion 16. 
5 [0095] 

Thereafter, as shown in Fig. 6C, the resist pattern 
27 on the membrane 1 is removed so that a stencil mask 7 shown 
in Fig. 4B can be formed. 
[0096] 

10 Fig. 7 is a flow chart illustrating an exposure 

process using the stencil mask 7 of this embodiment. 
[0097] 

First, a stencil mask 7^ such as that shown in Fig. 
4^ is formed. In this case, the mask pattern portion 16 and 
15 dummy inspection pattern portions 3 are formed at the same 
time (Step 1) . 
[0098] 

Next, the defect inspection of the mask pattern 
portion 16 is performed through comparison inspection by the 
20 Die to Die method relative to the dummy inspection pattern 
portions 3 (Step 2) . 
[0099] 

If this defect inspection suggests any necessary 
modification of the pattern of the mask pattern portion 16, 
25 this information is fed back to the manufacture of the stencil 
mask 7 so that the stencil mask manuf actur inge conditions can 
be controlled. If-fcfee modification is not necessary, the next 
process is executed (Step 3) . 
[0100] 

30 Any defect of the mask pattern portion 16 can be 
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found by the comparison inspection in which that the mask 
pattern portion 16 and dummy inspection pattern portions 3 
are imaged at the same time to compare pattern images formed 
by light reflected from these pattern portions. 
5 [0101] 

Next , an electron beam resist exposure is performed 
by using the stencil mask 7 ^ which is unnecessary for the 
modification (Step 4)^_ and then a resist development process 
(Step 5) is performed to thereafter terminate the exposure 
10 process. 
[0102] 

As described above, according to the embodiment, 
a plurality of dummy inspection pattern portions 3 having the 
same pattern as that of the mask pattern portion 16 are disposed 

15 next to-r and in an area other than that of- the mask pattern 
portion 16 . The mask pattern portion 16 is compared with the 
dummy inspection pattern portions 3 . Since the mask pattern 
portion 16 can be compared directly with the dummy inspection 
pattern portions 3 next to the mask pattern portion 16, the 

20 comparison inspection can be performed at a high precision. 
[0103] 

A plurality of dummy inspection pattern portions 
3 having the same pattern as that of the mask pattern portion 
16 are disposed on the Si wafer 6 in an^he area different from 

25 the mask pattern portion 16. The degree of freedom of the 
layout of dummy inspection pattern portions 3 can therefore 
be expanded and the number of dummy inspection pattern portions 
3 can be increased, so that the precision of the comparison 
inspection can be improved. 

30 [0104] 
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Since the mask pattern portion 16 and dummy 
inspection pattern portions 3 of the stencil mask 7 are formed 
at the same time, the manuf acturinge conditions are almost 
the same. Therefore, the pattern shapes of the mask pattern 
5 portion 16 and dummy inspection pattern portions 3 are almost 
the same^ so that the precision of the comparison inspection 
is improved and the comparison inspection can be performed 
only by one stencil mask 7. 
[0105] 

10 It may be considered that a plurality of the same 

stencil masks are formed and used as dummy stencil masks . An 
original stencil mask is compared with these dummy stencil 
masks to perform the comparison inspection by the Die to Die 
method. With this method, however, since it is difficult to 

15 manufacture a plurality of stencil masks under the same 
manuf actur ing e conditions, each stencil mask has an in-plane 
irregular pattern. It is therefore difficult to manufacture 
a plurality of the same stencil masks. 
[0106] 

20 According to the embodiment, a plurality of dummy 

inspection pattern portions 3 are disposed next to the mask 
pattern portion 16 made of only the membrane 1, so that the 
wafer defect inspection by the Die to Die method becomes 
possible . It is therefore possible to inspect aaLEEPL stencil 

25 mask 7 with an ordinary^ wafer defect inspecting apparatus 
with ease and at a good reliability. A die is one chip of 
the mask pattern portion 16, and the dummy inspection pattern 
portion having the same pattern as that of the mask pattern 
portion 16 is also a die corresponding to one chip. 

30 [0107] 
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It is important that two or more dummy inspection 
pattern portions 3 are formed for each mask pattern portion 
16 to have a number ratio of l-:-2 or larger. If one dummy 
inspection pattern portion 3 is formed for one mask pattern 
5 portion!6 ( a number ratio of l-:-l) , in the comparison inspection 
it is difficult to judge whether the defect is contained in 
the mask pattern portion 16 or in the dummy inspection pattern 
portion 3. By forming at least two dummy inspection pattern 
portions 3 for one mask pattern portion 16 , it becomes apparent 
10 that the precision (or probability) of defect detection of 
the mask pattern portion 16 can be improved. 
[0108] 

The dummy inspection pattern 3 has the recesses of - 
the excavated structures formed by etching the membrane 1 

15 above the Si wafer 6 to have a predetermined pattern. 
Therefore, the Si wafer 6 helps maintain the mechanical 
strength of the stencil mask 7, and^ in addition^ the Si wafer 
6 prevents the exposure electron beam from transmitting 
through the dummy inspection pattern portion 3 during the 

20 exposure process . 
[0109] 

Second Embodiment 

The second embodiment as shown in Figs . 8 and 9 is 

similar to the first embodiment, excepting that not only the 

25 chip comparison inspection (inspection by the Die to Die 

method) through comparison between the mask pattern portion 

16 and dummy pat tern port ions 3 inconstant with the maskpattern 

portion 16 can be performed, but also a cell comparison 

inspection ( inspection by a "Cell to Cell" method) in the mask 

30 pattern portion 16 can be performed. 

26 
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[0110] 

In the mask pattern portion 16 shown in Fig. 8, 
pattern openings are formed, for example, for DRAM (Dynamic 
Random Access Memory) devices constituted of memory cell 
5 groups and for LOGIC circuit devices . Defect iveness of memory 
cell groups of the DRAM devices having, for example, repetitive 
patterns is inspected through comparison by the Cell to 
Cell method in each DRAM device. Defect iveness of the LOGIC 
devices having no repetitive patterns is inspected through 
10 comparison by the Die to Die method that compares with the 
dummy LOGIC patterns of the right and left dummy inspection 
pattern portions 3 in the mask pattern portion 16. 
[0111] 

More specifically, defect iveness of memory cell 
15 groups of the DRAM devices having repetitive patterns of the 
mask pattern portion 16 is inspected through cell comparison 
(inspection by the Cell to Cell method) between memory cells 
within each DRAM device. Since even fine memory cells can 
be inspected, the inspection sensitivity can be improved. It 
20 is also possible to inspect a_defect of the DRAM devices or 
LOGIC devices in the mask pattern portion 16 through comparison 
inspection by the Die to Die method, by referring to the right 
and left dummy DRAM devices or dummy LOGIC devices in the dummy 
inspection pattern portions 3. 
25 [0112] 

Fig. 9 is a schematic diagram illustrating 
comparison inspection by the Cell to Cell method and showing 
a partially enlarged view of a memory portion 20 of a DRAM 
device. The memory area 20 has a number of cells having the 
30 same pattern and disposed in a matrix shape . As schematically 
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shown in an enlarged view, four types of dummy cell patterns 
13a, 13b, 13c and 13d and four types of candidate cell 
patterns (tobe inspected) 12a, 12b, 12c and 12dare alternately 
disposed at a predetermined distance or pitch . These patterns 
5 are all formed within the mask pattern portion 16. 
[0113] 

Defect comparison inspection of a candidate cell 
pattern, e.g., candidate cell pattern 12a, in the memory 
portion 20, can be performed by using, for example, two dummy 

10 cell patterns 13a having the same pattern in the same row. 
Since the dummy cell patterns and candidate cell patterns are 
disposed at a£-ke predetermined pitch, comparison inspection 
between corresponding patterns can be performed reliably by 
designating coordinates of the patterns. Defect inspection 

15 for the other candidate cell patterns 12b, 12c and 12d can 
be performed in a similar manner. 
[0114] 

Since defect inspection by the Cell to Cell method 
is possible for memory cells in each DRAM device within the 

20 mask pattern portion 16 , the pattern inspection precision can 
be improved more than by the Die to Die method. The cell 
patterns judged good by the comparison inspection are used 
as masks. It is obvious that dummy cell patterns can be used 
as real patterns . 

25 [0115] 

Although DRAMs are used by way of example , a display 
may be used. In this case, the pattern of each pixel in an 
image area can be subjected to comparison inspection in a 
similar manner. 
30 [0116] 
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In addition to the functions and advantages 
described above, the second embodiment also has the functions 
and advantages similar to those of the first embodiment. 
[0117] 

5 The embodiments described above can be modified in 

various ways based upon the technical concept of the present 
invention. 
[0118] 

For example, the shape, number, size, layout 
10 position and the like of dummy inspection pattern portions 
can be selected as desired by considering the mask pattern 
portion. As described earlier , although the dummy inspection 
pattern portion may be disposed outside the mask pattern 
portion or inside and outside the mask pattern portion, it 
15 may be disposed only inside the mask pattern. 
[0119] 

It is preferable to use a number of dummy inspection 
pattern portions in order to improve the inspection precision 
of comparison with the mask pattern portion. Comparison 
20 inspection using the dummy inspection patterns may adopt the 
Die to Die method or the Cell to Cell method, together with 
the Die to Data method. 
[0120] 

The stencil mask is not limited only to LEEPL, but 

25 stencil masks for EPL or IPL also m ay aloo be used. The 

invention may be applied to various exposure patterns of 

electrodes, wirings, dielectric films and the like. 

In addition to the stencil masks for LEEPL, EPL and IPL, 

exposure masks (reticles) of other types also may also be 

30 formed with the above-described dummy inspection patterns. 

29 
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[0121] 

Finally, the embodiments and examples described above 
are only examples of the present invention . It should be noted 
that the present invention is not restricted only to such 
5 embodiments and examples, and various modifications, 
combinations and sub -combinations in accordance with its 
design or the like maybe made without departing from the scope 
of the present invention. 
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